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Culturing and isolating of A. terreus 
 
The pure cultures of A. terreus were isolated by the serial dilution 
technique using Potato Dextrose Agar (PDA) medium. Suspected 
yellow isolates of A. terreus were sub cultured on the PDA medium 
in separate triplicate plates for each isolate and incubated at 28°C 
for 7 days (Suhail et al., 2007). Microscopic examination was 
performed using mounted hyphal inoculums from the colony 
margins. This was done by using adhesive transparent tape placed 
on a slide with a drop of lacto phenol cotton blue stain. A. terreus 
isolates were identified phenotypically using the taxonomic key 
created by Raper and Fennel (1965). They were maintained on 
PDA slants at 28C for four days and were kept in refrigerator at 
4C until use; they were sub cultured every two weeks. The 
frequency of a fungus is denoted by the number of samplings in 
which it is recorded against the total: Frequency (%) = No. of 
observation in which colony appears / total number of observation 
recorded x 100 (Adhikari et al., 2004). 
 
 
Genomic DNA extraction  
  
The culture media for each of the 19 A. terreus isolates were frozen 
for 1 h and tiny portions of the mycelia mat were harvested into 1.5 
ml tube. The harvested mats were suspended in 400 µl of lysis 
extraction buffer (400 mM  Tris-HCl, 20 mM EDTA,150 mM  NaCl , 
and 0.5% SDS adjusted 8.5 pH) then vortexed for 5 min and added 
to 10 µL protinase K. Tubes were incubated in 65°C water bath 
overnight. A mixture of phenol: chloroform: Isoamyl alcohol 
(25:24:1) was added to the tubes. Tubes were centrifuged at 5000 
rpm for 10 min. The aqueous supernatant was transferred to a new 
tube. An equal volume of cool isopropanol was added and agitated 
many times; it was centrifuged at 1000 rpm for 10 min. The 
supernatant was poured out. The pellet containing DNA was rinsed 
with 70% ethanol. It was air dried; pellets were re-suspended with 
100 µL TE and placed in 70°C water bath. 6 µL of RNase A was 
added, and incubated at 37°C for 30 min. The tubes were 
centrifuged at 5000 rpm for 2 min. The supernatant was transferred 
to a new tube and frozen at -20C until use (Saghai-Maroof et al., 
1984; Edwards et al., 1991). 
 
 
Genotyping of A. terreus 
 
The 19 A. terreus isolates were confirmed by amplification, using 
specific pair primer: ATE1:CTA TTG TAC CTT GTT GCT GGCG; 
ATE2 :AGT TGC AAA TAA ATG CGT CGG CGG (Logotheti et al., 
2009). Ribotyping of the targeted rDNA (ITS1 -5.8S-ITS2 region) of 
the 19 isolates was done with primer pairs of ITS1/ITS4 and 
ITS1/ITS2 that amplified ITS1-5.8S-ITS2 and ITS1 regions. The 
reaction was performed in a thermal cycler (LABENAT, USA) with 
1.2 µL of each primer (20 pmole) and 0.8 µL of genomic DNA; the 
water was adjusted to a final volume of 25 µL. PCR protocol 
consisted of the initial denaturation at 95°C for 5 min; followed by 
35 cycles at 94°C for 1 min, 59°C for 1 min, and 72°C for 1.5 min; 
and a final elongation of 72°C for 5 min. Finally, 10 µL of PCR 
products was loaded onto 1.2% agarose gel that was premixed with 
ethidium bromide stain (0.5 µg/ml) and TBE running buffer for 45 
min at 100 V at room temperature. The products were visualized 
under a UV transilluminator and then photographed. 
 
 
RAPD-PCR ecological typing 
 
The primer R108 (5´-GTATTGCCCT-3´), described by Aufauvre-
Brown et al. (1992), was used for RAPD-PCR typing of the 19 
environmental isolates of A. terreus. Amplification reactions were 
done in a final volume of 20 µL containing 0.5 µL of genomic DNA, 
1 µL Primer (50 pmole) , and 12.5 µL master mix PCR buffer. Water  

 
 
 
 
was adjusted to the final volume reaction. PCR was performed in a 
thermal cycler (LABENAT, USA) with the following temperature 
profile: 1 cycle of 5 min at 94°C, followed by 35 cycles of 45 s at 
94°C, 45 s at 36°C and 1 min  at 72°C and a final extension step at 
72°C for 10 min. 10 µL of amplification products were loaded onto 
2% agarose gel, which was premixed with ethidium bromide stain  
(0.5 µg/ml) and TBE running buffer for 1.30 h at 80 V at room 
temperature. The products were photographed using a UV 
transilluminator. (Lass-Florl et al., 2007). 
 
 
Phylogenetic analysis 
 
A phylogenetic tree dendrogram (UPGMA) of the 19 environmental 
isolates of A. terreus was constructed by using UVI band software, 
and the similarity coefficient factor was evaluated according to Ute 
et al. (1994). 
 
 
Cultivation of the A. terreus isolates for production lovastatin 
 
Three A. terreus isolates were selected to produce lovastatin. They 
were selected based on their color variation on agar plate. 
Production was performed in two complex media: The  first culture 
was prepared in 250-ml Erlenmeyer flask containing 40 ml of 
medium A (10 g of glucose, 5 g of corn steep liquor, 40 g of tomato 
paste, 10 g of oatmeal, and 10 ml of trace elements, 1 g of 
FeSO4·7H2O, 1 g of MnSO4 · 4H2O, 200 mg of ZnSO4·7H2O, 100 
mg of CaCl2·2H2O, 25 mg of CuCl2·2H2O, 56 mg of H3BO3, and 19 
mg of (NH4)6Mo7O24·4H2O per liter of solution (Alberts et al., 1980); 
it was inoculated with 1·107 conidiospores. The flasks were shaken 
at 200 rpm for a day at 28°C. The second culture was prepared by 
inoculating 200 ml of medium B (containing [per liter] 45 g of 
glucose, 24 g of peptone, 2.5 g of yeast extract)  (Alberts, 1990) 
with 6 ml of the previous culture in a 1-liter Erlenmeyer flask. The 
flasks were shaken at 200 rpm and incubated at 28°C for 12 days. 
For cultivations in fermentors, a 1-litre Erlenmeyer flask containing 
200 ml of medium A was inoculated with 4 ml (107) of conidiospore 
suspension. The flask was shaken at 200 rpm for 1 day and then 
transferred to the fermentor (Alberts, 1990). 
 
 
RESULTS  
  
Cultural and microscopic characteristics of A. terreus 
 
A. terreus grew fast on PDA medium. Macroscopic 
characters of the colonies included difference in their 
colors, from pale-yellow to dark yellow. There was 
reverse pigmentation, from yellow to dark gray color. The 
texture of the colonies showed raised surfaces which are 
velvety, yet tough, yellowish and powdery (Figure 2a). 
Microscopic characters did not show more variations among 
the isolates; conidiophores were typically long, hyaline 
and smooth giving rise to sub-spherical vesicles that 
were biseriate. Conidia had smooth wall, and were 
slightly elliptical) Figure 2b). 
 
 
Isolation and Identification  
 
A total of 143 desert A. terreus isolated from South-west 
Najef Province (n=28 isolates), Ramadi Province (n=40), 
South Mosul Province (n=46 isolates), and Western 
Kerbela province (n=25 isolates) (Table 1) were studied.
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A. terreus isolate from the arid soils, including the cultural 
and microscopic features used for the identification of A. 
terreus isolates. These phenotypic variations correlated 
with t h e  ecological effects and genetic interactions. In 
the desert environment, intensive mutagenic actions are 
expected from UV radiation.  

The results of our study shows that no much genetic 
variations were observed in the ITS region typing of 
the19 isolates of A. terreus. These markers were designed 
to identify defined strains of A. terreus in arid soils. They 
also showed that the monomorphic PCR bands of A. 
terreus can be used to explain why phenotypic variations 
do not correlate with the intron region but may correlate 
with the dynamics of the genomes at the exon regions in 
A. terreus populations. Our results do not agree with 
those of Varga et al. (2005), who elucidated some 
species: A. alabamensis, A. terreus var. floccosus, A. 
terreus var. africanus, A. terreus var. aureus as well as A. 
aureoterreus, according to Balajee et al. (2009); they 
presented that seven lineages were observed among 
isolates that have previously been treated as A. terreus 
based on ITS region (Chase and Fay, 2009) and parts of 
the β-tubulin and calmodulin genes.  

Our results agree with the explanation of Sniegowski et 
al. (1997) and Wilke et al.  (2001), that most mutations 
are deleterious. Mutation rates are generally low and 
reduce individual fitness, so increasing the probability of 
an adaptive mutation to appear.  

 The results based on RAPD-PCR marker showed the 
suitable values for identifying genotypes and described 
the differentiation of A. terreus populations (Figures 4 and 
5). These results agree with those of Crowhurst et al. 
(1991). Unfortunately, previous studies on Iraqi soil fungi 
used only microscopic and culture based methods (Ismail 
and Abdullah, 1977; Haleem et al., 2013); so there are no 
molecular results to compare our work with.  

Based on the phenotypic variations in the colonies’ 
character, we postulate that unique A. terreus genotypes 
may occupy particular environmental habitats of desert 
soils in Iraq. Results of this study showed a great 
diversity of genotypes among isolates of A. terreus by 
using  rDNA  and RAPD data, which explored the 
genotypes of the isolates recovered from the four 
collection stations under study. 

Our results show wide range of variability in phenotypic 
characters of all the isolates. It was clear that they all 
belonged to A. terreus, as the PCR products from the 
genotype confirmed the diagnosis by specific primer pairs 
(ATE1 and ATE2).  They distinctively removed any 
delusion that could lead to confusing these isolates with 
other species, by revealing the yellow colour of the 
colonies. This result coincides with the results of 
Logotheti et al. (2009). Variations in phenotype characters 
are due to the concept of gene-environment correlation 
(Smith and Kruglyak, 2008), which can occur through 
multi-mechanisms. Many of these microbes live in 

extreme  environments,  for  example;  high  temperatures, 

 
 
 
 
high salt concentrations, low pH, and high radiation. 
Some physical factors also influence fungal growth and 
metabolite production (Gautam et al., 2009). The biotechno-
logical potential of microorganisms to produce is based 
on their special adaptations to their environment (Gautam 
et al., 2010). Sunlight, salinity and soil ecology by natural 
selection, genetic drift and gene flow and gene mutation 
are representatives of the domain sources of genetic 
variations (Kurtzman, 1985; Carlile et al., 2001; Fe´ral, 
2002; Terry et al., 2004; Lass-Florl et al., 2007; Smith and 
Kruglyak, 2008).  

Molecular typing based on RAPD-PCR patterns used 
for the 19 isolates of A. terreus showed distinctive patterns. 
This result agrees with that of Lass-Florl et al. (2007) who 
classified clinical isolates of A. terreus, using RAPD-PCR 
patterns. These variations in the pattern may help explain 
the sources of variation; provide solution to several 
phenotypic variations in A. terreus colony and explain the 
difference in colors of reverse pigmentations. A phylogeny 
tree based on RAPD-PCR profile was sufficient in 
genotyping A. terreus isolates collected from the arid 
regions of Iraq; it showed variable degrees of similarity 
among the 19 isolates of A. terreus and divided them into 
many genotypes. Only two isolates showed 100% 
similarity coefficient values. Other isolates showed 0-80% 
similarity coefficient values (Figure 5). These results 
agree with those of Lasker (2002) whose genotyped A. 
fumigatus isolates, and also the results of Raclasky et al. 
(2006) and Nariasimhan and Asokan (2010). 

The RAPD-PCR patterns used for A. terreus isolates 
were more effective than monomorphic ribotyping 
patterns used for ecological genotyping (Loudon et al., 
1993; Symones et al., 2000). Finally, ecological 
genotyping find minor differences among isolates at the 
species to genus level (Birch et al., 1995).  

Our results concur with that of Lewington et al. (2007), 
in which the wavelength of statin produced by fungal 
isolates ranges between 200-400 nm. On the other hand, 
this result conflicts with some earlier studies in which pH, 
medium and choice of wild type or mutant govern 
lovastatin production. We found that no specific pH or 
media induce lovastatin production. This result is in line 
with that of Kumar et al. (2000) who reported that 
lovastatin is generally produced by batch fermentation in 
complex media. A. terreus fermentations are typically 
carried out at 28؛C and pHs of 5.8–6.3 
 
 
Conclusion  
 
This study may encourage future research of ecological 
genotyping of closely related environmental isolates. It 
showed highly discriminatory profiles of RAPD –PCR. 
RAPD–PCR could identify genetic diversity among 
closely related isolates in the same species. The 
molecular genotyping of A. terreus based on ITS region 
was  reliable,  but  not as discriminating as RAPD – PCR. 



 
 
 
 
These methods are useful tools in taxonomical studies, 
give precise, rapid results with low cost and no time 
consuming. This study confirmed genotyping as an 
important method to find solution to fungal ecological 
diversity problems. 
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